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METHOD FOR CORRECTING MEASUREMENT 
ERROR, METHOD OF DETERMINING QUALITY 
OF ELECTRONIC COMPONENT, AND DEVICE FOR 
MEASURING CHARACTERISTIC OF ELECTRONIC COMPONENT 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This is a continuation-in-part of Serial No. 1 0/306,760 filed November 27, 
2002, the disclosure of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a method of correcting a measurement 
error, in which the impedance of an electronic component measured by an actual 
measuring device is corrected to the impedance which will be obtained when 
measurement is performed by using a standard measuring device. Also, the present 
invention relates to a method of determining the quality of an electronic component 
using the correction method, and a device for measuring the characteristic of an 
electronic component for performing the correction method. 

2. Description of the Related Art 

[0003] The impedance of an electronic component or the same type of electronic 
components may be measured by a plurality of measuring devices, for example, a 
measuring device of the manufacturer of the electronic component and that of a user. 

[0004] In this case, a different measurement error occurs depending on the used 
measuring device. Therefore, the reproducibility of the measurement value is low, 
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that is, when an electronic component is measured by different measuring devices, 
the measurement results are not the same. 

[0005] When impedance in a low-frequency band is measured, the measurement 
error is relatively insignificant, which leads to only a small problem. However, 
when impedance in a high-frequency band of 1 MHz to 2 GHz is measured, the 
difference between measurement errors generated by different measuring devices is 
significant. Therefore, in order to enhance the reproducibility of a measurement 
value in a high-frequency band, a measured value is corrected by using an open/short 
correction method or an open/short/load correction method. Hereinafter, these 
correction methods will be described. Incidentally, measurement of impedance 
which is performed in the following known art and in an embodiment described later 
conceptually includes measurement of admittance. 

[0006] In the open/short correction method, impedances of two states: a test 
fixture (hereinafter referred to as jig) is open/short, are measured in order to correct 
the effects of stray admittance and residual impedance generated by the jig. Then, 
the characteristic (impedance) of an object is calculated based on the obtained 
impedance values. 

[0007] In the open/short/load correction method, the above-described open/short 
measurement is performed first. Then, in a state where a load device, whose 
physical true value is known, is loaded on the jig, the above-described open/short 
measurement is performed. After that, the characteristic (impedance) of an object is 
calculated based on the obtained impedance values. In this method, correction can 
be performed more precisely than in the open/short correction method (see HP 
4284A Precision LCR meter instruction manual (December, 1996/33) p.6-15 to p.6- 
1 8, for example). 
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[0008] In the above-described known open/short correction method, one of the 
following two conditions must be satisfied. 

[0009] First condition: impedance should be measured in an ideal open state or an 
ideal short state in order to obtain the effects of stray admittance and residual 
impedance. 

[0010] Second condition: the values of impedance of the jig in open/short states 
are known. 

[0011] However, these conditions cannot be satisfied for the following reason. 
That is, the ideal open/short states of the jig cannot be realized practically, and thus 
the first condition cannot be satisfied. 

[0012] Also, stray admittance is generated when the jig is in an open state, and 
residual impedance is generated when the jig is in a short state. Therefore, in the 
above-described known art, the following instructions are given: 

[0013] An operator should not move his/her hands near the jig while an open 
correction is performed in order to suppress variation in stray admittance. 

[0014] A metallic plate having a high conductivity should be used for a short 
plate included in a short device used for short correction in order to suppress residual 
impedance to as low as possible. 

[0015] However, even if these instructions are faithfully followed, it is impossible 
to realize true open/short states, and thus correction cannot be performed with great 
precision. 

[0016] Of course, the open/short/load correction method has the same 
disadvantage as that of the open/short correction method. Furthermore, in the 
open/short/load correction method, a calibration value of the device used for load 
correction cannot be measured precisely. This will be described below. 
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[0017] In the open/short/load correction method, a device whose physical true 
value is known (hereinafter referred to as standard device) is required in order to 
perform load correction. According to the above-described known art, an electronic 
component (chip capacitor, chip coil, etc.) whose impedance is measured in advance 
can be used as a standard device. However, this correction method can be used only 
when a measured frequency is sufficiently low and measurement precision can be 
maintained even if the effects of stray admittance and residual impedance are 
ignored. Specifically, this correction method can be used when the measured 
frequency is 1 MHz or less. 

[0018] In recent years, however, with a requirement for higher frequency of 
signal band, a guarantee of impedance in a high-frequency band of 1 MHz to several 
GHz has been required to electronic components. However, in the above-described 
correction methods, a correction precision required for such a guarantee of 
impedance in a high-frequency band cannot be obtained. 

[0019] When impedance is measured in a high-frequency band of 1 MHz to 
several GHz, the effects of stray admittance and residual impedance cannot be 
ignored. Therefore, precise stray admittance and residual impedance must be 
obtained in order to realize sufficiently high correction precision. In order to obtain 
precise stray and residual characteristics, the impedance of an electronic component 
which is used as a standard device must be measured with great precision. 

[0020] However, in order to precisely measure the impedance of the electronic 
component, a jig used for measuring the electronic component must be corrected, 
and in order to perform the correction, another standard device is required. 
Accordingly, it is practically impossible to realize a high-precision correction in a 
high-frequency band of 1 MHz to several GHz by using the open/short/load 
correction method, as long as an extremely precise standard device cannot be 
obtained. 
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[0021] If an object to be measured includes a coaxial connector, a standard device 
in which the physical true value of impedance is very precisely defined can be 
available. However, such a standard device can be fabricated only in an electronic 
component having a shape which can be attached to a coaxial connector. It is 
practically impossible to fabricate such a standard device in general electronic 
components, such as chip capacitors and chip coils. 



SUMMARY OF THE INVENTION 

[0022] Accordingly, it is a main object of the present invention to provide a 
correction method for precisely correcting a measured impedance in a high- 
frequency band of 1 MHz to several GHz. 

[0023] In order to achieve the above-described object, the present invention 
provides a method of correcting a measurement error, in which the impedance of an 
electronic component is measured by an actual measuring device generating a 
measurement result different from that of a standard measuring device, and then the 
obtained value of impedance is corrected to the value which would be obtained from 
the standard measuring device. The method includes preparing in advance a 
correction-data obtaining sample which generates an impedance equal to an arbitrary 
impedance of the electronic component by a measuring operation; measuring the 
impedance of the correction-data obtaining sample by using the standard measuring 
device and the actual measuring device; obtaining an interrelated expression of the 
measurement result generated by the actual measuring device and the measurement 
Result generated by the standard measuring device, the interrelated expression 
uniquely indicating the relationship between the true measurement value of the 
standard measuring device and the true measurement of the actual device; and 
correcting the impedance of the electronic component to the impedance which will 
be obtained from the standard measuring device by substituting the impedance of the 
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electronic component measured by the actual measuring device into the interrelated 
expression so as to calculate the interrelated expression. Accordingly, the following 
effects can be obtained. 

[0024] In this configuration, the interrelated expression of the actual and standard 
measuring devices is obtained based on the measurement result of the correction-data 
obtaining sample in which the impedance is not identified. Also, based on this 
interrelated expression, the impedance of the electronic component is corrected to 
the impedance which would be obtained from the standard measuring device. 
Accordingly, calibration using an expensive standard device is not necessary, and the 
actual measuring jig included in the actual measuring device need not be adjusted. 
Further, since the electronic characteristic is corrected by theoretical calculation, 
reproducibility of impedance can be enhanced regardless of the shape (coaxial/non- 
coaxial) of the electronic component. 

[0025] The present invention provides an analytical relative correction method, 
which is an example of a correction method using the interrelated expression. 

[0026] In the analytical relative correction method, the step of obtaining the 
interrelated expression includes providing a signal transmission form including a 
factor of measurement error of each of the standard and actual measuring devices at 
measurement; forming a first theoretical expression for obtaining the true 
measurement value of the actual measuring device in the signal transmission form 
and a second theoretical expression for obtaining the true measurement value of the 
standard measuring device in the signal transmission form; forming the interrelated 
expression based on the first and second theoretical expressions, the interrelated 
expression including an undetermined coefficient, the undetermined coefficient 
being determined by substituting the impedance values obtained from the standard 
and actual measuring devices into the interrelated expression. 
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[0027] The method of correcting a measurement error of the present invention 
can be optimally performed in a method of determining the quality of an electronic 
component. In the method of determining the quality of an electronic component, 
the impedance of an electronic component which is required to have an impedance 
measured by a standard measuring device is measured by an actual measuring device 
generating a measurement result different from that of the standard measuring 
device, and the quality is determined based on the measurement result. 

[0028] In this determining method, the impedance of the electronic component 
measured by the actual measuring device is corrected by using the method of 
correcting a measurement error of the present invention so as to determine the 
quality of the electronic component by comparing the corrected impedance and the 
required impedance. Accordingly, the quality of the electronic component can be 
determined with great precision. 

[0029] Also, the present invention provides a device for measuring the 
characteristic of an electronic component, which can perform the above-described 
method of correcting a measurement error. 

[0030] The device includes a measuring unit for measuring the impedance of an 
electronic component, the measured impedance being different from that measured 
by a standard measuring device; a storage unit for storing the impedance of a 
correction-data obtaining sample measured by the standard measuring device; an 
interrelated-expression calculating unit for calculating an interrelated expression of 
the impedance of the correction-data obtaining sample measured by the measuring 
unit and the impedance of the correction-data obtaining sample which is measured 
by the standard measuring device and which is stored in the storage unit, the 
interrelated expression uniquely indicating the relationship between the true 
measurement value of the standard measuring device and the true measurement of 
the actual device; and a correcting unit for correcting the impedance of the electronic 
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component to the impedance which would be obtained from the standard measuring 
device by substituting the impedance of the electronic component measured by the 
measuring unit into the interrelated expression so as to calculate the expression. 

[0031] The measuring device of the present invention can be formed based on the 
analytical relative correction method. 

[0032] The interrelated-expression calculating unit includes a unit for providing 
the signal transmission form including a factor of measurement error of each of the 
standard and actual measuring devices at measurement; a unit for forming a first 
theoretical expression for obtaining the true measurement value of the actual 
measuring device in the signal transmission form and a second theoretical expression 
for obtaining the true measurement value of the standard measuring device in the 
signal transmission form; a unit for forming the interrelated expression based on the 
first and second theoretical expressions, the interrelated expression including an 
undetermined coefficient; a unit for measuring the impedance of the correction-data 
obtaining sample by using the standard measuring device and the actual measuring 
device; and a unit for identifying the undetermined coefficient by substituting the 
impedance values obtained from the standard and actual measuring devices into the 
interrelated expression. 

[0033] Other features and advantages of the present invention will become 
apparent from the following description of the invention which refers to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0034] Fig. 1 is a plan view showing the configuration of a measuring device for 
performing a method of correcting a measurement error of the present invention; 
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Fig. 2 is a plan view showing the configuration of a measuring jig 
included in the measuring device for performing the method of correcting a 
measurement error; 

Fig. 3 is a block diagram showing the configuration of the measuring 
device for performing the method of correcting a measurement error; 

Fig. 4 is a back-side view showing the configuration of a correction-data 
obtaining sample and an electronic component to be measured; 

Fig. 5 is a plan view showing the configuration of the correction-data 
obtaining sample; 

Fig. 6 is an example of a signal transmission form (error model) used for 
performing the method of correcting a measurement error; 

Fig. 7 shows the configuration of a system for performing a method of 
correcting impedance of the present invention; 

Fig. 8 is a diagram showing correction data and a measurement result 
obtained by performing the method of correcting a measurement error; and 

Fig. 9 is a diagram showing the correction precision of the correction data 
obtained by performing the method of correcting a measurement error. 

[0035] Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. It is preferred, therefore, that the present 
invention be limited not by the specific disclosure herein, but only by the appended 
claims. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

[0036] Hereinafter, an embodiment of the present invention will be described 
with reference to the drawings. In the embodiment, the present invention is 
embodied in a method of correcting a measurement error, which occurs when the 
impedance of an electronic component, such as a surface-mount chip coil, is 
measured by a measuring device including an impedance analyzer. 

[0037] Fig. 1 is a plan view showing the configuration of a measuring device of 
the embodiment; Fig. 2 is a plan view showing the configuration of a measuring jig; 
Fig. 3 is a block diagram showing an impedance analyzer included in the measuring 
device; Fig. 4 is a back-side view showing the configuration of a sample to be 
measured (electronic component or correction-data obtaining sample); and Fig. 5 is a 
plan view showing the configuration of the correction-data obtaining sample. 

[0038] As shown in Fig. 1, a standard measuring device 1 and an actual 
measuring device 2 include impedance analyzers 3 A and 3B, coaxial cables 4, and 
measuring jigs 5 A and 5B, respectively. That is, the standard measuring device 1 
includes the impedance analyzer 3 A and the measuring jig 5 A, and the actual 
measuring device 2 includes the impedance analyzer 3B and the measuring jig 5B. 

[0039] Each of the impedance analyzers 3 A and 3B includes a 1-port input/output 
unit. The coaxial cable 4 is connected to this port. A coaxial-cable connector 6 is 
provided at the free end of the coaxial cable 4. 

[0040] As shown in Fig. 2, each of the measuring jigs 5 A and 5B includes an 
insulating substrate 7, a connection wiring unit 8, and a coaxial connector 9. The 
connection wiring unit 8 is provided on a surface 7a of the insulating substrate 7 and 
includes a signal transmission line 8a and ground lines 8b and 8c. The signal 
transmission line 8a is provided on the surface 7a of the insulating substrate 7 and 
extends from one end of the substrate 7 toward the center of the substrate 7. The 
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ground lines 8b and 8c are provided on both sides of the signal transmission line 8a 
at the central portion of the surface 7a. 

[0041] The signal transmission line 8a is connected to an internal conductor 
contact (not shown) of the coaxial connector 9 at one end of the substrate 7. The 
ground lines 8b and 8c are connected to a ground pattern (not shown) on the back 
surface of the substrate 7 via through-hole connectors 10, and are also connected to 
an external conductor contact (not shown) of the coaxial connector 9 via the ground 
pattern. 

[0042] In Fig. 2, the measuring jig 5 A of the standard measuring device 1 
(hereinafter referred to as standard measuring jig) has the same shape as that of the 
measuring jig 5B of the actual measuring device 2 (hereinafter referred to as actual 
measuring jig). Alternatively, the shapes may be different from each other. In 
particular, the shape of the actual measuring jig 5B may be arranged so as to be 
suitable for an automatic sorting and measuring device or the like. 

[0043] As shown in Fig. 3, the impedance analyzer 3B included in the actual 
measuring device 2 includes a main body 20 and a control unit 21. The control unit 
21 includes a controller 22, a memory 23, an interrelated-expression calculating unit 
24, and a correcting unit 25. 

[0044] As shown in Fig. 4, a back surface 1 la of each of an electronic component 
to be measured 1 1 A and a correction-data obtaining sample 1 IB is provided with a 
transmission line terminal 12a and ground terminals 12b and 12c. By bringing the 
back surface 1 la of the electronic component to be measured 1 1 A or the correction- 
data obtaining sample 1 IB into contact with the surface 7a of the measuring jig 5, 
the transmission line terminal 12a and the ground terminals 12b and 12c are pressed 
to the signal transmission line 8a and the ground lines 8b and 8c, respectively. 
Accordingly, the electronic component to be measured 1 1 A and the correction-data 
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obtaining sample 1 IB are mounted on the measuring jigs 5 A and 5B, so as to be 
measured. 

[0045] In the embodiment, a sample in which an impedance equal to an arbitrary 
impedance of the electronic component to be measured 1 1 A is generated by a 
measurement operation by the measuring devices 1 and 2 is prepared as the 
correction-data obtaining sample 1 IB. Further, in the embodiment, a plurality of (for 
example, three) samples 1 IB 1.3 in which different impedances are generated by the 
measuring devices are used as the correction-data obtaining sample 1 IB. Strictly 
speaking, an electronic component whose impedance is equal to that of another 
electronic component does not exist in general. Therefore, if general electronic 
components are used as the samples 1 IB 1.3, the impedances thereof are different 
from each other. However, the samples 1 IB 1.3 whose impedances are different from 
each other can be fabricated intentionally and strictly in the following way. 

[0046] As shown in Fig. 5, each of the correction-data obtaining samples 1 IB 1.3 
includes a rectangular insulator 1 3 having the same shape as that of the electronic 
component to be measured 1 1 A. The rectangular insulator 13 is provided with a 
pseudo transmission line terminal 14a and pseudo ground terminals 14b and 14c, 
having the same configuration as that of the transmission line terminal 12a and the 
ground terminals 12b and 12c of the electronic component to be measured 1 1 A. The 
pseudo transmission line terminal 14a and the pseudo ground terminals 14b and 14c 
extend from the lower surface of the rectangular insulator 13 to an upper surface 13a 
via the side surface. The rectangular upper ends of the pseudo transmission line 
terminal 14a and the pseudo ground terminals 14b and 14c form mounting terminals 
15a to 15c, respectively. 

[0047] Impedance adjusting elements 16a and 16b including resistor elements or 
the like are mounted between the adjacent mounting terminals 15a and 15b and 
between the adjacent mounting terminals 15a and 15c 5 respectively. 
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[0048] In each of the correction-data obtaining samples 1 IB 1.3 on which the 
impedance adjusting elements 16a and 16b are mounted, by arbitrarily setting the 
electric characteristic (resistance in case of resistor element) of the impedance 
adjusting elements 16a and 16b, the impedance of each of the correction-data 
obtaining samples 1 IB 1.3 can be randomly set. In the embodiment, the precise value 
of impedance which is to be generated by a measurement operation by the measuring 
device need not be set in the correction-data obtaining samples 1 IB1.3 in advance. 
Accordingly, the manufacturing cost of the correction-data obtaining samples 1 IB 1-3 
can be reduced. 

[0049] Now, a method of correcting a measurement error, performed by the 
measuring device of the embodiment, will be described (analytical relative correction 
method). 

[0050] First, the outline of the method will be described. When the impedance of 
a non-coaxial-shaped sample is measured, the measurement result differs depending 
on the measuring device used. Specifically, the measurement result of the 
correction-data obtaining sample 1 IB generated by the standard measuring device 1 
including the standard measuring jig 5 A for conducting user guarantee is 
disadvantageously different from the measurement result generated by the actual 
measuring device 2 including the actual measuring jig 5B, which is used for a 
preshipment inspection. Due to such an inconsistency in the measurement results, 
the impedance of an electronic component cannot be guaranteed to a user at the 
preshipment inspection. 

[0051] In order to overcome such a problem, in the embodiment, the 
measurement result to be generated by the standard measuring device 1 is estimated 
based on the measurement result generated by the actual measuring device 2 by 
performing calculation based on a relative correction method. 
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[0052] Hereinafter, the theory of the correction method (analytical relative 
correction method) of the embodiment will be described. 

[0053] First, an error factor of each of the measuring systems (the standard 
measuring device 1 and the actual measuring device 2) is modeled by a signal 
transmission form shown in Fig. 6. 

[0054] In Fig. 6, F denotes the error factor of the measuring system. Z denotes 
the impedance of a sample to be measured (the electronic component to be measured 
1 1 A or the correction-data obtaining sample 1 IB). Vm denotes a voltage measured 
by the measuring devices 1 and 2. The voltage V M is applied to the sample to be 
measured and the error factor F. V A denotes a voltage actually applied to the sample 
to be measured. Im denotes a current measured by the measuring devices 1 and 2. 
The current Im is applied to the sample to be measured and the error factor F. I A 
denotes a current actually applied to the sample to be measured. 

[0055] The error factor F is generated by, for example, resistance of a measuring 
cable, inductance (residual impedance), and capacitance of a cable (stray 
admittance). When the error factor F is expressed with a so-called F-matrix, the 
following expression (1) is obtained. 
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[0056] Herein, the impedance Z M measured by the measuring devices 1 and 2 can 
be obtained by the following expressions (2) and (2'). 

Zm = V m /Im(2) 
Z A = V A /I A (2') 



{00616382.1} 



- 15- 



[0057] By substituting the expressions (2) and (2') into the expression (1), the 
following expression (3) can be obtained. 

Za = (D-Z m -B)/(OZm-A) (3) 

[0058] Z A in the expression (3) indicates the true impedance of the sample to be 
measured. The expression (3) is a rational expression, and at least one of four 
unknowns A, B, C ? and D (hereinafter referred to as error terms A to D) constituting 
the error factor can be obviously selected freely. Therefore, when the error term D = 
1, by determining the remaining three error terms A, B, and C, the true impedance 
Za of the sample to be measured can be determined based on the impedance Zm 
measured by the measuring devices 1 and 2. 

[0059] However, if the sample to be measured has a non-coaxial shape, it is 
almost impossible under the present circumstances to fabricate a standard device 
(electronic component functioning as a standard device) whose impedance in a high- 
frequency band of 1 MHz to several GHz is known. 

[0060] Accordingly, in the embodiment, the measurement value of the sample 
generated by the actual measuring device is corrected in the following way so as to 
precisely estimate the measurement value of the sample generated by the standard 
measuring device. Herein, the following assumption is made: the standard 
measuring device 1 in which error terms Ai, Bi, Ci, and Di determining the error 
factor Fi of measurement are identified is prepared, and the impedance Z M i of the 
correction-data obtaining sample 1 IB is measured by this standard measuring device 
1. 

[0061] In this case, the true impedance Z A of the correction-data obtaining sample 
1 IB can be obtained by the following theoretical expression (4) based on the 
impedance Zmi measured by the standard measuring device 1. 

Z A = (D r ZM!-B 1 )/(CrZ M i-A 1 ) (4) 
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[0062] Likewise, the following assumption is made: the actual measuring device 
2 in which error terms A 2 , B2, C2, and D2 determining the error factor F2 of 
measurement are identified is prepared, and the impedance Zm2 of the correction-data 
obtaining sample 1 IB is measured by this actual measuring device 2. 

[0063] In this case, the true impedance Z A of the correction-data obtaining sample 
1 IB can be obtained by the following theoretical expression (5) based on the 
impedance Zm2 measured by the actual measuring device 2. 

Z A = (D 2 -Z M 2-B 2 )/(C 2 -Zm2-A 2 ) (5) 

[0064] Herein, the value of the true impedance Za of the correction-data 
obtaining sample 1 IB is equal in the above two cases although different measuring 
systems are used. Therefore, the right side of the theoretical expression (4) is equal 
to that of the theoretical expression (5). Accordingly, the following expression (6) 
can be obtained. 

(DrZ M i-B,)/(CrZMi-A,) = (D 2 -Z M2 -B 2 )/(C 2 -Z M 2-A 2 ) (6) 

[0065] Further, by transforming the expression (6), the following expression (7) 
can be obtained. 

Z M i ^ [(A r D 2 -BrC 2 ) Z M 2-B 2 -A 1 4-A 2 -B 1 ]/[(C 2 -D 1 -C r D 2 ) Z M2 - 
ArD^BrC] (7) 

[0066] In the above expression (7), by dividing the numerator and the 
denominator in the right side by (ArD 2 -BrC 2 ) and performing an adequate variable 
transform, the following expression (8) including three undetermined coefficients 
can be obtained. The expression (8) is the relative correction expression used for 
impedance measurement in the present invention. 

ZMi = (Z M 2+a)/(p-Z M 2+y) (8) 
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[0067] If the undetermined coefficients a, (3, and y in the interrelated expression 
(8) can be identified, the measurement result Zmi to be generated by the standard 
measuring device 1 can be precisely estimated based on the measurement result Zmi 
generated by the actual measuring device 2. 

[0068] If the standard measuring device 1 is a perfect measuring device free from 
the error factor F, a relative correction between this ideal standard measuring device 
1 and the actual measuring device 2 is performed. Such a relative correction must be 
consistent with the expression (7), which is an error removing expression of a 1-port 
measuring system. 

[0069] Actually, if the standard measuring device 1 is regarded as a perfect 
device free from the error factor F, the coefficient Ai=l, Bi=0, Ci=0, and Di=l in 
the interrelated expression (8). In this case, the measured impedance Zmi which can 
be obtained from the interrelated expression (8) is equal to the measured impedance 
Zmi which can be obtained from the expression (7). 

[0070] The interrelated expression (8) includes the three undetermined 
coefficients a, p, and y, and the two variables Zmi and Zm2 are values obtained by 
measurement. Therefore, by preparing three samples as the correction-data 
obtaining sample 1 IB and then by measuring the impedance of each of the three 
samples by using the standard measuring device 1 and the actual measuring device 2, 
the undetermined coefficients a, J3, and y can be identified. That is, by using this 
error correction method, the undetermined coefficients a, (3, and y can be identified 
even if the true impedance of the correction-data obtaining sample 1 IB and the error 
terms Ai, Bi, Cj, Di, A2, B2, C2, and D 2 of the measuring devices 1 and 2 are 
unknown. 

[0071] By substituting the measured impedance of each of the three correction- 
data obtaining samples 1 IB into the interrelated expression (8) and transforming it, 
the following interrelated expression (9) can be obtained. 
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f \ -ZMI (1) -Zm2 U) -ZMI (1) > 
1 -Zm1(2)-Zm2(2) -ZMI (2) 
1 -ZMI (3) -Zm2 (3) -ZMI (3)y 



Zmz ( 2 > 
— Z M 2 ( 3 ) 



(9) 



[0072] The interrelated expressions (8) and (9) of the present invention are 
relational expressions which uniquely indicate the relationship between the true 
measurement value generated by the standard measuring device 1 and the true 
measurement value generated by the actual measuring device2. Herein, uniquely 
means that the both true values match substantially precisely. Substantially precisely 
means the correction precision in which the correction error is in the range of ±0.8%, 
as will be described later with reference to Fig. 9. 

[0073] In Zm2(1), Zm2(2) ? Zmi(I), anc * so on * n the interrelated expression (9), each 
of the numbers (i), (2), and (3) added to the end of numerical subscripts mi and M2 
indicates the number of the respective correction-data obtaining samples 1 IB 1.3. For 
example, Zm2(1) means the measured impedance Zm2 of the sample 1 lBi. 

[0074] In the above-described correction method, the undetermined coefficients 
a, (3, and y are obtained by solving ternary linear simultaneous equations using the 
measured impedance values Zm2(i)-m2(3) of the three correction-data obtaining 
samples 1 However, the undetermined coefficients a, (3, and y may be 
identified by obtaining the measured impedance values ZM2(i)-M2(n) of four or more 
correction-data obtaining samples 1 1 B 1 _ n and by using a maximum likelihood 
method such as a minimum square method. Accordingly, the effect of a 
measurement error occurred when the correction-data obtaining sample 1 IB is 
measured can be reduced. 

[0075] Further, although the interrelated expression (9) is a cubic determinant, 
which has a mathematically very simple construction, it is bothersome for an 
operator to perform a manual calculation so as to obtain the solutions. In order to 
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solve this problem, the calculation can be automated by calculating the interrelated 

expression (9) by using an algorithm which is generally used in an automatic 
calculation with a computer, such as LU decomposition. 

[0076] Next, the result generated by performing the impedance correction method 
of the present invention will be described. Fig. 7 shows the configuration of a 
system which has performed the correction. In this system, the standard measuring 
device 1 and the actual measuring device 2 include an impedance analyzer 100 and a 
standard measuring jig 101 and an actual measuring jig 102. 

[0077] The impedance analyzer 100 includes a 4291 A made by Agilent 
Technologies. The impedance analyzer 100 includes a test head 100a. The test head 
100a includes a calibration surface 100b, and an APC7 (connector having a diameter 
of 7 mm) to SMA (connector having a diameter of 3.5 mm) converting adapter 103 
is attached to the calibration surface 100b. Each of the standard measuring jig 101 
and the actual measuring jig 102 includes an SMA connector 104. By loading the 
connector 104 onto the adapter 103, the jigs 101 and 102 can be attached to the 
calibration surface 100b of the test head 100a. 

[0078] However, the actual measuring jig 102 is attached to the adapter 103 via 
an attenuator 105 of 3 dB (made by MKT TAISEI Co., LTD.) and a semi-flexible 
coaxial cable 106 of 1.5 m (made by FLEXCO). By providing the attenuator 105 
and the coaxial cable 106, an error which is more significant than the normal error is 
given to the impedance of the electronic component to be measured 1 1 A, which is 
mounted on the actual measuring jig 102. Accordingly, a great precision of the 
correcting method of the present invention can be clearly understood. 

[0079] In the above-described configuration, the APC7 to SMA converting 
adapter 103 forms the coaxial cable connector 6 shown in Fig. 1, the SMA connector 
104 forms the coaxial connector 9 shown in Fig. 2, the standard measuring jig 101 
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forms the standard measuring jig 5 A, and the actual measuring jig 102 forms the 
actual measuring jig 5B. 

[0080] In the above-described system, by loading the standard measuring jig 101 
onto the impedance analyzer 100, the standard measuring device 1 can be formed. 
Also, by loading the actual measuring jig 102 onto the impedance analyzer 100, the 
actual measuring device 2 can be formed. 

[0081] In the above-described system, the correction-data obtaining samples 
1 IB 1.3 of open, short, and terminal are loaded on the standard measuring jig 101 and 
the actual measuring jig 102. Then, the jigs 101 and 102 are connected to the test 
head 100a so as to measure the impedance of each sample. Further, the measured 
impedance values are substituted into the interrelated expression (9) so as to identify 
the undetermined coefficients a, p, and y. The measurement of impedance is 
performed in a frequency range of 1 MHz to 100 MHz and with 201 points. 

[0082] Next, electronic components to be measured 1 1 Am, including a capacitor, 
an inductor, a 100 Q-resistor, and a 330 Q-resistor, are loaded on the actual 
measuring jig 102. Then, the actual measuring jig 102 is connected to the test head 
100a so as to measure the impedance of the electronic components 1 1 A i .4 by using 
the impedance analyzer 100. 

[0083] The obtained impedance values Z M 2(i)-M2(4) (corresponding to the 
measured values generated by the actual measuring device 2) are substituted into the 
interrelated expressions (8) and (9), in which the undetermined coefficients a, (3, and 
y are identified in advance, so that the measurement values Z M i(i)-Mi(4) to be 
generated by the standard measuring device 1 are estimated. 

[0084] Next, the electronic components 1 1 A 1.4 are loaded on the standard 
measuring jig 101. Then, the standard measuring jig 101 is connected to the test 
head 100a so as to measure the impedance of each of the electronic components 
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1 1 Ai-4 by using the impedance analyzer 100. Then, the measured impedance values 
of the electronic components 1 1 Am (corresponding to the true measurement values 
Zai-4 generated by the standard measuring device 1) are compared with the estimated 
values Zmi(i)-mi(4) of the standard measuring device 1 . The comparison result is 
shown in Figs. 8 and 9. 

[0085] Fig. 8 shows the measurement result and Fig. 9 shows the variation in the 
error of the measured values of the 100 Q-resistor and the 330 Q-resistor. In Fig. 8, 
the horizontal axis indicates the frequency and the vertical axis indicates the 
impedance. In Fig. 9, the horizontal axis indicates the frequency and the vertical axis 
indicates the correction precision. 

[0086] In these figures, true L, true C, true 100, and true 330 indicate the 
measurement results of the inductor, capacitor, 100 Q-resistor, and 330 Q-resistor, 
the results being generated by the standard measuring device 1 (standard measuring 
jig 101). Also, actual L, actual C, actual 100, and actual 330 indicate the 
measurement results of the inductor, capacitor, 100 Q-resistor, and 330 Q-resistor, 
the results being generated by the actual measuring device 2 (actual measuring jig 
102). Further, relative L, relative C, relative 100, and relative 330 indicate the 
correction values in the inductor, capacitor, 100 Q-resistor, and 330 Q-resistor, the 
values being generated by the actual measuring device 2 (actual measuring jig 102). 

[0087] As is clear from these figures, the measurement error is precisely corrected 
so that the correction precision is within the range of ±0.8% by performing the 
correction method of the present invention. 

[0088] Hereinafter, the method of correcting a measurement error of the 
embodiment will be described in detail. 

[0089] First, three correction-data obtaining samples 1 IB 1.3 are loaded on the 
standard measuring device 1. Then, the impedance of each of the samples 1 IB 1.3 is 



{00616382.1} 



-22- 



measured at each frequency point. The impedance of each of the samples 1 IBjo 
measured by the standard measuring device 1 is input to the actual measuring device 
2 through a data input unit (not shown) thereof in advance. The input measurement 
result generated by the standard measuring device 1 is stored in the memory 23 
through the controller 22. 

[0090] Likewise, the three correction-data obtaining samples 1 IB1.3 are loaded on 
the actual measuring device 2. Then, the impedance of each of the samples 1 IB 1.3 is 
measured at each frequency point. 

[0091] The impedance of each of the samples 1 IB1-3 measured by the actual 
measuring device 2 is input to the interrelated-expression calculating unit 24 through 
the controller 22. 

[0092] When the impedance of each of the samples 1 IB 1.3 measured by the actual 
measuring device 2 is input to the interrelated-expression calculating unit 24, the 
interrelated-expression calculating unit 24 reads the measurement result of the 
correction-data obtaining samples 1 IB 1.3, the result being generated by the standard 
measuring device 1, from the memory 23 through the controller 22. 

[0093] The interrelated-expression calculating unit 24 calculates an interrelated 
expression of the measurement result generated by the actual measuring device 2 and 
the measurement result generated by the standard measuring device 1 based on the 
measurement results generated by the standard measuring device 1 and the actual 
measuring device 2. The calculation is performed based on the above-described 
interrelated expressions (8) and (9). 

[0094] After this preparation process, the impedance of the electronic component 
1 1 A is measured by the main body 20 of the impedance analyzer of the actual 

measuring device 2. The measurement result is input to the correcting unit 25 
through the controller 22. 
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[0095] When the measurement result of the electronic component 1 1 A is input to 
the correcting unit 25, the correcting unit 25 reads the interrelated expression from 
the memory 23 through the controller 22. Then, the correcting unit 25 substitutes the 
measured impedance of the electronic component 1 1 A into the read interrelated 
expression so as to calculate the expression. Accordingly, the correcting unit 25 
corrects the impedance of the electronic component 1 1 A measured by the actual 
measuring device 2 to the impedance which will be obtained from the standard 
measuring device 1 . Then, the correcting unit 25 externally outputs the corrected 
impedance through the controller 22. The output impedance may be displayed by a 
display unit (not shown) or may be output as data from a data output unit (not 
shown). 

[0096] This computing processing may be executed by the control unit 21 
included in the impedance analyzer 3B, as described above. Alternatively, an 
external computer may be connected to the impedance analyzer 3 so that the 
measurement result is output to the external computer, which executes the computing 
processing. 

[0097] According to the above-described method of correcting a measurement 
result of the embodiment, the following advantages can be obtained. When a 
manufacturer of electronic components guarantees the impedance of an electronic 
component, the guarantee is based on the measurement result generated by a 
measuring device of the manufacturer. However, if the impedance of the electronic 
component is measured by a measuring device of a user who has purchased the 
electronic component, the measurement result may be different from that of the 
manufacturer side. In this case, the impedance guaranteed by the manufacturer is 
uncertain and cannot be reproduced. 

[0098] On the other hand, when the method of correcting a measurement error of 
the embodiment is performed by regarding the manufacturer's measuring device as 
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the standard measuring device 1 and by regarding the user's measuring device as the 
actual measuring device 2, the impedance which is estimated to be equal to the 
measurement result in the manufacturer's side can be calculated in the user's side 
based on the impedance measured by the user's actual measuring device 2. 
Accordingly, the impedance of the electronic component guaranteed by the 
manufacturer can be reproduced more reliably, and thus the user can accept the 
electronic component. 

[0099] Furthermore, the correction can be performed without strictly testing and 
managing the state of the actual measuring device 2 (for example, without 
performing control and management so that the actual measuring jig 5B of the actual 
measuring device 2 has the same characteristic as that of the standard measuring jig 
5 A of the standard measuring device 1). Accordingly, the cost required for 
measurement can be suppressed. 

[0100] Also, the manufacturer can use one of many automatic measuring and 
sorting devices, which are used in a mass producing process, as the actual measuring 
device. Accordingly, the cost required for measurement can be suppressed (in this 
case, cost for sorting out defective components). In addition, the measurement time 
can be shortened. 

[0101] Furthermore, the measurement error caused by the measuring jigs 5 A and 
5B and the measurement error of the entire actual measuring device 2 can be 
simultaneously corrected. Therefore, a special calibration need not be performed in 
the actual measuring device 2, and the cost for measurement can be suppressed 
accordingly. 

[0102] Furthermore, in the measuring device of the embodiment, even if the 
actual measuring jig 5B, in which a function of incorporating into an automatic 
measuring and sorting device and long-life have higher priority than a stable 
measurement characteristic, is used, the measurement result is not affected in any 
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way. Therefore, the cost required for measurement can be suppressed and the 
measurement time can be shortened. 

[0103] Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. It is preferred, therefore, that the present 
invention be limited not by the specific disclosure herein, but only by the appended 
claims. 
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